MATERIALS AND METHODS Gonyaulax polyedra strain 60 was maintained at 22 C in enriched sea water medium containing KNO3 (2 mM), KHIPO, (0.2 mM). FeCl3 (10 mM), Na,EDTA (0.01 g/ 1), and soil extract (2%). All cultures were grown in 2.8-liter Fernbach flasks containing 1 liter of medium. Illumination was provided by four cool white fluorescent lamps giving 215 ft-c at the level of the culture. The light regime during growth was 12 hr of light and 12 hr of darkness. For experiments, cultures were transferred to continuous darkness at the beginning of a regular dark period. Under these conditions the rhythm in luminescence will be expressed for three to five cycles (11) . In this paper, the time period when luminescence is bright is referred to as the "night phase," while the time of low luminescence is termed the "day phase." The cells were used at a concentration of 2000 to 3000 cells per ml. For experiments with the high speed camera, cultures were diluted 1/100 2 days before use to give 20 to 35 cells per ml.
Since mechanical stimulation of luminescence by bubbling or stirring could not be varied quantitatively, another method for triggering luminescence was devised. Preliminary experiments in this laboratory indicated that Gonyaulax is not excited to flash when cells are accelerated by a sudden motion or in a centrifuge. However, the luminescence of a single cell of Gonyaulax, Noctiluca, or Pyrocystis can be stimulated by a shock wave generated from a ceramic cylinder with piezoelectric properties (7) . In this case the stimulus may be deformation of the cell membrane. It is not possible to stimulate cell populations piezoelectrically, however. Observations suggest that the stimulus for luminescence may be a differential velocity across a cell or shear. To produce such a shear on free cells in large numbers, advantage was taken of the properties of flow within capillary tubes. In such tubes the rate of flow is fastest in the center and approaches zero next to the walls. Consequently, any cells within the capillary are subjected to shear, the magnitude of which can be varied by varying the flow rate through the capillary. Translucent polyethylene tubing (Intramedic No. PE 100), with an inside diameter of 0.86 mm, outside diameter of 1.5 mm, length of 609 mm, and volume of 0.36 ml served as the capillary. In order that the cells might emit light within the view of a photomultiplier tube (GE lP21), the tubing was wound into a spiral of 5.8 turns with an outside diameter of 40 mm (Fig. la) . The coil was backed with cardboard and attached to a rubber stopper which formed the bottom of the reservoir (Fig. 1 b) . The cell suspension entered the coil at the center from the reservoir through a short segment of hypodermic needle. The air space at the top of the reservoir was continuous with a 2000-ml flask in which pressure could be generated by means of an Erma sphygmomanometer calibrated in millimeters of mercury. Pressure in the system could be held constant to within 5 mm of mercury. The apparatus was inclined at an angle (Fig. 1 b) to minimize the sec for sea water), R = Reynolds number. Since R = 279 and hence much less than 2000, the flow in the capillary is laminar at all flow rates. The fluid shear force can be calculated since flow is laminar, and will vary from zero at the center of the tube to a maximum at the edge. Calculations by Dr. Alex Charter give a value of 35 dynes/cm2 for the maximum fluid shear force at the maximum flow rate in our apparatus.
Luminescence was recorded with a photomultiplier photometer described previously (11) . Minor modifications were made to allow the photomultiplier to face upward and to make the system light-tight. For recording, 100 ml of cell suspension was gently transferred to the reservoir, which was then closed, clamped, and darkened. Recording was begun immediately. Luminescence was recorded in arbitrary light units.
Two methods of recording the luminescence from the coil were employed. In the first method, the signal from the photo- through the camera at a rate of 25 cm per sec. Single flashes were recorded with good detail by this method, provided the cell suspension was sufficiently dilute to prevent the superposition of flashes. Recordings were made in this way from both day and night phase cells from the same cell suspension. Since day-phase cells were in darkness as mentioned above, light inhibition of luminescence was not a complicating factor.
RESULTS AND DISCUSSION When a cell suspension of Gonyaulax is passed through the capillary, light is emitted, provided that the flow rate is above a threshold value (Fig. 2) . The flow rate which just triggers luminescence is lower for cells in the night phase than for dayphase cells (0.8 ml per min as compared to 2.6 ml per min), indicating that night phase cells are more sensitive to mechanical stimulation than are day-phase cells. No such difference in threshold with phase is noted in cells chemically stimulated to luminesce by the addition of different concentrations of acetic acid (10) .
The amount of luminescence is directly proportional to flow rate over a considerable range of flow rates (Fig. 2) during both day and night. Brighter luminescence at faster flow rates is accounted for in part by the greater number of cells passing through the coil in a given time. At flow rates just higher than threshold, however, luminescence increases more rapidly than is accounted for by the increased flow rate alone. The range of flow rates which show this phenomenon are about the same during the day phase as at night (threshold to 7 ml per min). Since the method of recording used in the experiments of Figure 2 does not permit the observation of individual flashes, it was not possible to distinguish whether the greater amount of light recorded from populations of night-phase cells was the result of brighter flashes, longer flashes, a larger number of flashes, or some combination of these factors. To make this distinction, it was desirable to resolve individual flashes and examine their kinetics and number from the same population during the day and night phases. To accomplish this, we employed the high speed camera technique which allowed us to record the time course of day-and night-phase flashes (Fig. 3) . The examination of many such flashes did not reveal any significant difference between day-and night-phase cell flashes with respect to the one-half rise time (mean 9-9.5 msec, Fig.  4a ) or one-half decay time (mean 16-18 msec, Fig. 4b ). The kinetics appear essentially similar in both phases (Fig. 3) . This is in agreement with the conclusions of Biggley et al. (1) for the stimulated luminescence of a population of Gonyaulax polyedra under similar conditions. The brightness of individual flashes was compared at different phases (Table I ). In the linear range of stimulation for both phases (6.25 ml per min), nightphase flashes are three to five times brighter at the peak intensity of the flash than are day-phase flashes. Also, 2.7 times more flashes are recorded in a given time interval during the night phase than during the day phase (Table I ). In combination, the increased flash intensity and greater number of cells which flash account for the greater light emission during the night phase recorded for populations in the experiments of Figure 2 .
Cells of Gonyaulax show a rhythm in sensitivity to stimulation, manifest both in the lower threshold, and the larger number of flashes at night compared to the day phase in darkness. The increased brightness of night-phase flashes reflects a biochemical rhythm. The rhythm in sensitivity constitutes a second component contributing to the rhythm in luminescence in Gonyaulax.
